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clear abnormalities in both of these relationships, but an equivalent degree and duration of hypertrophy caused by volume overloading did not result in any detectable contractile abnormality. Thus it was indeed the nature of the inducing stress, rather than the hypertrophy process itself, that was responsible for the contractile defects caused by myocardial hemodynamic overloading. A second important fact brought out by these early studies, as also shown in Fig. 1 , is that the myocardial changes responsible for contractile dysfunction after pressure overloading are not fixed structural or biochemical defects, because removal of the pressure overload restored contractile dysfunction to normal.
As part of these early studies of cardiac muscle mechanics, simultaneous measurements were made of myocardial energetics as quantified by myocardial O 2 consumption. In this way, energy utilization could be related directly to mechanical output. Because a reduction in cardiac mechanical performance is ordinarily associated with a corresponding reduction in energy utilization, the finding in Fig. 2 was rather curious. That is, for pressure-overload RV hypertrophy, where the rate of myocardial shortening and the extent of myocardial tension generation were greatly reduced during contractions at L Max when the length-tension relationship given in Fig. 1 was being defined, there was an unexpected increase rather than the expected decrease in myocardial O 2 consumption. As also shown in Fig. 2 , this energetic abnormality reverted to normal in parallel with the contractile abnormality when the pressure overload was removed. This reversible energetic abnormality, seen in pressure overload, but not volume overload, hypertrophy, puzzled me and others for a good while. However, it later came to provide, as will be seen in what follows, an essential hint that would open the microtubule portion of this story.
CARDIAC MUSCLE CELL MECHANICS
Up to this juncture, work on cardiac hypertrophy had employed experimental models ranging in complexity from intact animals to isolated myocardium. Development of techniques that allowed for the reproducible isolation of viable cardiocytes from the hearts of adult mammals provided the opportunity (8) to take the search for the etiology of the contractile dysfunction of myocardium hypertrophying in response to a pressure overload to the muscle cell itself. This was important because there was no reason to assume that such contractile defects were not, instead, caused in whole or in part by the structural and/or biochemical environment of the cardiocyte.
Two further steps were required, however, before this search could begin: 1) development of methods that allowed afterloaded contractions of isolated cardiocytes to be measured at the level of sarcomere motion within these cells and 2) use of Fig. 1 . Force-velocity (left) and length-tension (right) relationships for right ventricular (RV) papillary muscles from 4 groups of cats: control, pressure overload, volume overload, and pressure unload. Pressure overload was induced by pulmonary artery banding, volume overload by atrial septum resection, and pressure unloading by removal of the pulmonary artery band after hypertrophy was induced. In each case, 4 -6 wk elapsed before the next intervention or final study. RV-to-body weight ratio (g/kg) was 0.59 Ϯ 0.03 for control, 1.05 Ϯ 0.06 for pressure overload, 0.97 Ϯ 0.03 for volume overload, and 0.56 Ϯ 0.02 for pressure unload. For the lengthtension relationship, the upper set of curves describes developed tension, and the lower set describes passive tension. LMax, that muscle length at which maximum active tension is generated. (Adapted from Refs. 5-7.) Fig. 2 . Relation between myocardial O2 consumption (MV O2) and developed tension at LMax point for papillary muscles from control, pressure-overloaded, volume-overloaded, and pressure-unloaded cats described in Fig. 1 . *P Ͻ 0.001 vs. control (by 1-way ANOVA followed by Scheffé's S procedure).
(Adapted from Refs. 5-7.) these methods to determine whether contractile abnormalities defined at the tissue level were reproduced in cardiocytes isolated from the original models (5-7) of RV pressure-overload and volume-overload hypertrophy. Figure 3 illustrates the application of the methods that we developed (17, 20) to cardiocytes from the two relevant models of cardiac hypertrophy. In essence, the data that originally described isotonic contractile dysfunction in papillary muscles from the pressureoverloaded RV (Fig. 1) were reproduced in cardiocytes from this myocardium (Fig. 3) . Furthermore, Fig. 4 shows that even in a different RV volume-overload model that was of such severe extent and prolonged duration that it caused an ϳ50% mortality rate from congestive heart failure, normal cardiocyte sarcomere motion was retained (15) .
MICROTUBULE HYPOTHESIS
The stage was now set to search for the intracellular impediment to contraction that was being generated during hypertrophic growth in response to a pressure overload. Extensive work in many laboratories (8, 10 ) defining a variety of biochemical defects in hypertrophied myocardium made it quite unlikely that a single abnormality uniquely responsible for contractile dysfunction would be found, and this would become even less likely as compensated hypertrophy degenerated into congestive heart failure. To proceed effectively, however, it was necessary to focus this search in terms of a specific, testable hypothesis that could account for the progressive decrement in contractile output per unit mass of pressure-hypertrophied myocardium that forms the myocardial basis for heart failure in this entity. In generating this hypothesis, I first took the hint provided by the data given in Fig. 2 . That is, rather than a biochemical defect, might a structural impediment to myofibrillar shortening appear during pressure-overload but not volume-overload hypertrophy? This could act as a viscous damper, such that part of the energy used for cross-bridge cycling would be dissipated within this damper, as suggested by Figs. 1 and 2, rather than generate active tension and external work. A serious problem with this idea, however, was that there are neither qualitative nor quantitative differences among normal and hypertrophied cardiocytes from our models of pressure-overloaded versus volume-overloaded RVs when defined in terms of standard ultrastructure (8) . Therefore, any posited structural defect would have to 1) appear or increase in response to load, 2) discriminate between the stimuli of stress, or pressure loading versus strain, or volume loading, 3) not be obvious ultrastructurally, and 4) have the potential to interfere with sarcomere motion.
The hypothesis that evolved from all of this was that microtubule network densification might be such a culprit structural defect. In terms of the four criteria stated above, this was because 1) microtubules are known to form along cellular stress axes, 2) for a linear steady-state polymer such as the ␣,␤-tubulin heterodimer-microtubule system, thermodynamics would cause the subunit concentration for assembly to be lowered and polymer stability to be enhanced by an extending stress force, 3) microtubules are, in fact, not obvious by standard ultrastructural analysis in mature striated muscle, and 4) the intimate cardiac myofibrillar investment by microtubules implied that in excess they might well interfere with sarcomere motion.
Initial test of the hypothesis. This hypothesis was tested (29, 30) in the same RV volume-and pressure-overload models that Fig. 3 . Sarcomere force-velocity (top) and force-shortening (bottom) relationships for RV cardiocytes from the same feline pressure-overload model characterized in Figs. 1 and 2 . RV-to-body weight ratio (g/kg) was 0.58 Ϯ 0.10 for control and 1.20 Ϯ 0.10 for pressure overload. Sarcomere motion was measured at 37°C, 2.5 mM Ca 2ϩ , and 0.25-Hz stimulation frequency at a sampling rate of 1 kHz via our laser diffraction system; superfusate viscosity was used as a surrogate for the external force used in Fig. 1 . In contrast to were used to generate the data shown in Figs. 1-3 . The results are given in Fig. 5 for volume-overload hypertrophy and in Fig.  6 for pressure-overload hypertrophy. In the cats with volumeoverload RV hypertrophy, there was no difference between the RV and the normally loaded left ventricle (LV) from the same animal in terms of cardiocyte microtubule network density, free or polymerized myocardial tubulin, or the extent and velocity of cardiocyte sarcomere shortening before or after microtubule depolymerization. In the cats with pressure-overload RV hypertrophy, cardiocyte microtubule network density and myocardial free and polymerized tubulin were greater in the RVs than in the normally loaded LVs from the same animals. As expected from Figs. 1-3, there were baseline decrements in the extent and velocity of RV cardiocyte sarcomere shortening, but the remarkable finding was that sarcomere motion in these same cardiocytes was restored almost to normal by microtubule depolymerization. The hypothesis was therefore borne out. Given that 20 years had passed between my initial studies of these models as a postdoctoral fellow (5, 6) and the above-mentioned study (29) , this was quite a day in the laboratory! Does this apply to the hypertrophied and failing RV? Having established a role for excess microtubules in contractile dysfunction of compensated pressure-overload hypertrophy, the next two logical questions were as follows: 1) Do increased microtubule network density and the associated contractile defects persist during and, thus, potentially contribute to the eventual development of RV failure in this model when the pressure overload is severe? 2) Are the more marked contractile defects present at this later stage also reversible with microtubule depolymerization? Excess microtubules were indeed found in pressure-overloaded failing RVs (25) , and the answers to these questions in terms of sarcomere mechanics are given in Fig. 7 . In RV pressure-overload hypertrophy alone and in severe RV pressure-overload hypertrophy with failure, cardiocyte sarcomere mechanics were normalized by microtubule depolymerization.
Does this apply to LV pressure-overload hypertrophy?
Because my ultimate goal was to gain insight into the causes of human heart failure, the next step was to move these studies, via a collaborative effort with B. A. Carabello and M. R. Zile, into the clinically more important LV in a large animal model, where cellular and myocardial function could be characterized in the same animals (27) . Figure 8 shows that when canine LV afterload was increased in stages at 2-wk intervals, the animals self-segregated into two groups: one developed very extensive but compensated LV hypertrophy, and the other ceased to hypertrophy in response to increasing load and developed LV failure. Myocardial and cardiocyte samples obtained from these LVs at the times indicated by "Biopsy" and "Final" in Figure 9 shows that, for a dog from the hypertrophy group of Fig. 8 , there was no increase in cardiocyte microtubule network density at final study or in free, polymerized, or total myocardial tubulin either at the time of biopsy or at final study. This dog had very extensive but well-compensated LV hypertrophy and normal LV wall stress. In striking contrast, Fig. 9 (right) shows that for a dog from the failure group of Fig.  8 , there was a major increase in cardiocyte microtubule network density at final study. At the time of biopsy, when LV wall stress remained normal, free, polymerized, and total myocardial tubulin were also normal. However, at final study, when LV wall stress was quite high and LV contractile function was quite depressed, there were very significant increases in free, polymerized, and total tubulin. Figure 10 shows the functional consequences of these changes on the cellular level in the failure group defined in Figs. 8 and 9. At the time of biopsy, when LV wall stress and function remained within the normal range, LV cardiocyte sarcomere mechanics remained normal and unaffected by microtubule depolymerization. At final study, when LV wall stress and function were very abnormal, LV cardiocyte sarcomere mechanics were also very abnormal. However, as in the pressure-overloaded RV, micro- Fig. 7 . RV pressure-overload hypertrophy and failure: summary data for cardiocytes from pulmonary artery-banded cats with RV hypertrophy alone or with associated RV failure. RV-to-body weight ratio (g/kg) was 0.56 Ϯ 0.02 for control, 0.96 Ϯ 0.07 for pressure-overload hypertrophy, and 1.17 Ϯ 0.06 for pressureoverload hypertrophy with RV failure. Top: maximum velocity of sarcomere shortening after addition of 1 M colchicine to pressure-overloaded RV and normally loaded LV cardiocytes from the same cats. All cells were sampled sequentially at each of the indicated times after drug exposure. Bottom: maximum extent of sarcomere shortening for the cells shown at top. Statistical comparisons, which considered all cells from a given experimental group together, were by 2-way ANOVA and a means comparison contrast; n, number of cells. *P Ͻ 0. Fig. 8 . LV pressure-overload hypertrophy and failure. Top: LV mass increments with progressive stenosis of the ascending aorta. Abscissa, times at which animals were studied and aortic band was tightened; vertical arrows, times of LV biopsy and final study; ordinate, LV-to-body weight ratio as measured by ventriculography. Bottom: relationship between mean normalized systolic ejection rate and mean systolic stress for the same two groups of dogs from which data are shown at top. Solid and parallel dashed lines define this relationship and its 95% confidence interval, which was calculated using a least squares linear regression analysis, for 40 ␤-blocked normal dogs studied in this laboratory. Arrows indicate for each group separately progression through the indicated time points. Statistical comparisons, which considered all dogs from a given experimental group together, were by 2-way ANOVA and a means comparison contrast; n, number of dogs in each group (top) and number of dogs in the subset of each group subjected to LV biopsy (bottom). *P Ͻ 0.01 for difference between the 2 groups of dogs at matched time points; †P Ͻ 0.01 vs. initial baseline value within a group. (Adapted from Ref. 27.) tubule depolymerization normalized cellular contractile function. Thus the hypothesis was now borne out in the LV, with a specific association with decompensated, high wall-stress pressure-overload cardiac hypertrophy.
Does this apply to the LV in vivo?
Up to this point, the association of the microtubule hypothesis with cardiac dysfunction in the intact animal had been inferential. To move this story further toward clinical relevance, the hypothesis was now tested directly, again via a collaborative effort with B. A. Carabello and M. R. Zile, in the intact dog with a surgical model of aortic stenosis (19) . Figure 11 compares LV contractile function and myocardial free and polymerized tubulin in a dog with severe aortic stenosis with these same variables in a normal dog. At baseline (see 1 in both panels), the ratio of free to polymerized LV tubulin in the immunoblots shifts toward polymerized tubulin in the aortic stenosis versus the control dog, and the aortic stenosis dog also shows a clear increase in LV wall stress and a clear decrease in LV contractile function. The immunoblots then show that intravenous colchicine caused LV microtubule depolymerization in both dogs. However, although colchicine had a negative effect on contractile function in the normal control dog, any such negative effect in the dog with aortic stenosis was overridden by the ameliorative effect of microtubule removal on LV contractile function in the intact animal.
Does this apply to clinical LV pressure-overload hypertrophy? To take the final step on the path to clinical relevance, the hypothesis was tested via a collaboration with M. R. Zile and D. C. Miller in the LVs of patients with aortic stenosis (33) . Figure  12 (top) shows the four groups of patients that were defined on the basis of LV function. The immunoblot shows for such patients that there is an increase in LV polymerized tubulin of a minor degree with borderline LV dysfunction but of major degree with definite LV dysfunction. The bottom panel of Fig. 12 shows that there is a clear inverse relationship between myocardial microtubules and myocardial function in the LVs of these patients. While we could not manipulate myocardial microtubules directly in this clinical setting to assign a causal relationship, the association shown here suggested that, as in animal models of human disease, microtubule network densification may well contribute to the development of heart failure in some patients with pressureoverload hypertrophy. 
IS THERE A SPECIFIC LINK BETWEEN MICROTUBULE NETWORK DENSITY AND MYOCARDIAL CONTRACTILE FUNCTION?
Having followed this path of microtubule network densification versus myocardial contractile dsyfunction from the sarcomeres of pressure-overloaded cardiocytes to the ventricles of pressure-overloaded hearts in patients, it is useful to ask whether the association shown thus far is specific. Ideally, I wanted to satisfy by analogy of microtubules to bacteria the formal cause-and-effect test given by Koch's postulates for linking a bacterium to a disease (18): 1) the bacterium must be present in diseased, but not healthy, animals; 2) it must be isolated from the host and propagated as a unique entity; 3) it must cause the disease when introduced into a healthy animal; Fig. 11 . Canine LV pressure-overload hypertrophy in vivo: LV systolic function assessed by relationship of midwall mean velocity of circumferential fiber shortening (cmmVcf) to mean systolic wall stress in aortic stenosis dogs at 8 wk after initial aortic banding (top) and normal control dogs (bottom). For dogs subjected to aortic stenosis (top), data are shown at baseline (1), immediately after reduction of aortic pressure gradient via band release (2), 1 h later before administration of colchicine (3), and another 1 h later after administration of colchicine (4) . Colchicine caused a clear increase in LV contractility (3) (4) . For normal control dogs (bottom), data are shown at baseline (1) and 1 h later after administration of colchicine (2) . In direct contrast to data for dogs subjected to aortic stenosis, colchicine caused a clear decrease in LV contractility (1-2 and 4) it must then be found in that infected animal. Thus, in the initial study of cardiocytes from the pressure-overloaded feline RV (29) , controls consisted of nonhypertrophied cardiocytes from the normally loaded LV from the same animal and equivalently hypertrophied cardiocytes from the volume-overloaded feline RV, which was known to exhibit normal contractile function (5) . In neither control were the linked cytoskeletal and contractile defects present. To avoid making the conclusions dependent on the use of a single modality such as colchicine for microtubule depolymerization and because any chemical has unintended and likely unrecognized secondary effects, microtubules were also depolymerized via the physical means of low temperature, which would be anticipated to have secondary effects very different from those of a chemical agent. The results replicated those seen with colchicine. To determine whether excess microtubule network density was itself responsible for the contractile dysfunction seen in cardiocytes hypertrophying in response to a pressure overload, excess microtubule polymerization was caused to occur in normal cells by two independent means. First, taxol was used (30) to hyperpolymerize the microtubules of normal cardiocytes; the contractile dysfunction characteristic of pressure overload-hypertrophied cardiocytes was reproduced. Second, and for the same reason that a physical, as well as a chemical, agent was used to depolymerize microtubules, deuterium oxide was used to hyperpolymerize the microtubules (30) and found to replicate the effects of taxol. Therefore, by analogy with Koch's first and second postulates, the microtubule increase is absent in even extensive cardiac hypertrophy so long as contractile function remains normal. Instead, increased microtubules develop solely in dysfunctional hypertrophied muscle and only when such dysfunction appears, at which time microtubule depolymerization restores normal contractile function. By analogy with Koch's third and fourth postulates, chemical and physical agents that increase microtubule network density independent of hemodynamic input were shown to reproduce the linked contractile and cytoskeletal abnormalities seen in severe pressure-overload cardiac hypertrophy. In our other studies at the levels of RV cardiac tissue in vitro, LV cardiac cells in vitro, and myocardium in vivo, these controls were replicated, to the extent permitted by each preparation, with equivalent results (11) .
Nonetheless, apart from concerns about unintended cardiac inotropic effects of microtubule depolymerization agents, there are other concerns based on the normal roles of microtubules in interphase cells such as the cardiocyte. For instance, microtubule-based transport is important for a number of intracellular entities, and we have shown this to be true for activated ␤-adrenergic receptors (2, 3). Thus microtubule depolymerization could cause an unintended inotropic effect via altered ␤-adrenergic receptor activity. However, this concern was not applicable to our in vitro studies where ␤-adrenergic input was absent, and it was obviated in our in vivo work by the use of ␤-receptor blockade.
Another possibility, whenever an experimental intervention alters cardiac inotropic state, is that there might have been unrecognized effects on Ca 2ϩ metabolism. In this work, we have found that microtubule depolymerization increases neither resting nor peak activated Ca 2ϩ levels in normal or hypertrophied cardiocytes (30) , and colchicine increases neither cAMP levels, peak activated Ca 2ϩ levels, nor the rate of rise or fall of intracellular Ca 2ϩ in normal or hypertrophied myocardium (32) . Nevertheless, it has been suggested that colchicine increases Ca 2ϩ current density and the intracellular Ca 2ϩ transient in adult cardiocytes (13) via ␣,␤-tubulin heterodimers acting as a functional analog of G proteins to activate adenyl cyclase when the free tubulin concentration is increased by microtubule depolymerization. Therefore, the study shown in Fig. 13 was done (16) to test this idea. When vincristine, rather than colchicine or hypothermia, was used to depolymerize cardiocyte microtubules, the effect of restoring the contractile dysfunction of pressure-overloaded hypertrophied myocardium to normal was identical. However, as shown by the immunoblots, this occurred despite the vincristine-induced reduction in the ␣,␤-tubulin heterodimer concentration to essentially zero. Thus this concern is not tenable. The most definitive solution, however, would be to close the loop and address the microtubule hypothesis directly in a context apart from hemodynamic alterations in vivo or microtubule alterations in vitro. On the basis of some of our other work defining the basic causes of microtubule network densification in cardiac hypertrophy (21, 23, 28 ), I very recently tested, via a collaboration with F. Cabral and D. R. Menick, the effects of ␤ 1 -tubulin mutants that had been selected for their effects on microtubule stability and then expressed in the hearts of transgenic mice (4). We found that when intrinsic microtubule stability was increased as an isolated variable, the contractile defects characteristic of pressure-overloaded hypertrophied myocardium were reproduced. In contrast, Fig. 14 shows that when intrinsic microtubule stability was decreased as an isolated variable, the contractile defects characteristic of pressure-overloaded hypertrophied myocardium were largely prevented. Thus cardiocyte microtubule network density, as a single isolated variable, is inversely related to cardiac contractile function, and I think that it is fair to say that the microtubule hypothesis is thus shown directly to be valid. Fig. 15 . Viscosity and stiffness of cardiocyte extramyofilament cytoskeleton. Top: modulation contrast micrograph of a feline cardiocyte with integrinattached Arg-Gly-Asp peptide-coated ferromagnetic microbeads. Middle: data obtained in magnetic twisting cytometer from normal microbead-coated cardiocytes. Relaxation curve ("Relaxation") represents spontaneous remanent field decay without a twisting field. Arrows, times of twisting field application ("Twist On") and removal ("Twist Off"). Cytoskeletal stiffness is inversely related to decrease in remanent field after twisting field is applied, and cytoskeletal apparent viscosity is inversely related to slope of remanent field recovery after twisting field is removed. Bottom: effect of microtubule depolymerization on cardiocyte cytoskeletal viscosity and stiffness. Magnetometry data were obtained from control RV cardiocytes at baseline and from pressure-hypertrophied RV cardiocytes at baseline and 1 h after addition of 1 M colchicine to cardiocyte superfusate. 
MATERIAL PROPERTIES OF THE MICROTUBULE NETWORK
In normal cardiocytes, although very recent data suggest that microtubules may contribute to longitudinal shear stiffness (22) , the normal microtubule network actually has very little effect on cytoskeletal material properties in terms of influencing sarcomere (29) , cardiocyte (31), myocardial (14) , or cardiac (19) mechanics. What then is the precise physical nature of the impediment to contraction produced by microtubule network densification? I addressed this question in a collaboration with N. Wang and M. R. Zile by directly probing the viscoelastic properties of the tensegrity network of physically interrelated cytoskeletal filaments in living cardiocytes (26) and then confirming these findings at the level of whole cell and tissue mechanics (14, 31) . Figure 15 (top) shows the appearance of beads that are attached via integrin receptors to the cardiocyte cytoskeleton. The middle panel of Fig. 15 shows the results of twisting and then releasing these beads in a magnetic field. The bottom panel shows that in the hypertrophied cardiocyte there is an increase in cytoskeletal stiffness and apparent viscosity. In the summary data from this study (26) In real physical terms, this does not represent a change in intracellular fluid viscosity. Rather, the changes in apparent viscosity observed in hypertrophied cardiocytes appear to represent structural damping attributable to the microtubule component of the cytoskeleton. In these terms, apparent viscosity might well reflect a process of intracellular frictional dissipation that impedes cellular shortening. Hence, I would expect this impeding effect, as observed here experimentally, to become more pronounced at higher rates of sarcomere motion, and I would also expect on this basis the loss of energetic efficiency during contraction seen in my earliest work as a postdoctoral fellow (Figs. 1 and 2 ) that initiated these 30 years of work on the causes and consequences of cardiac hypertrophy.
FUTURE DIRECTIONS
As indicated earlier, microtubules are critically important to a number of aspects of cellular homeostasis. In fact, their mechanical effects on striated muscle contraction probably have nothing at all to do with their normal role in the life of the cardiocyte or any other cell. In then thinking about normal microtubule functions that might be altered in important ways in the hypertrophied cardiocyte, their role in intracellular transport is especially intriguing. Briefly, the cytoplasm of the adult cardiocyte is an extremely diffusion-restricted space, such that macromolecules, particles, vesicles, and organelles cannot reach their proper intracellular locations via simple diffusion. Instead, active transport is required for this purpose, and microtubules supply this function: the dynein family of motor proteins moves these cargoes along microtubules toward the cell center, and the kinesin family of motor proteins moves these cargoes along microtubules from the nuclei toward the cell periphery. In cardiac hypertrophy, the microtubules not only proliferate but also become heavily decorated by microtubule-associated protein-4, the predominant cardiac microtubule-associated protein (23, 28) . One consequence of this is that the normal microtubule transport function is sterically inhibited by the presence of microtubule-associated protein-4 on these transport tracks, and as one example that may help explain ␤-adrenergic receptor downregulation in cardiac hypertrophy and failure, we have shown that activated G proteincoupled receptors fail to be recycled properly to the cell membrane (2, 3) .
Of more general interest is whether the microtubule network densification that is specifically associated with high-wallstress pressure-overload cardiac hypertrophy may itself contribute via a positive-feedback loop to heart failure. This would occur via an inhibition of the microtubule-based, kinesinmediated mRNA complex transport function, which is essential for the synthesis and assembly of structural proteins. That is, the LVs of the failure group in Fig. 8 first showed typical microtubule changes at 4 wk of pressure loading, which is also the time at which compensatory growth essentially ceased while LV wall stress was beginning to increase. These dogs uniformly went on to develop heart failure. In contrast, the LVs of the hypertrophy group retained normal microtubules and continued to grow in response to increasing load, such that LV wall stress did not increase. These dogs never developed systolic heart failure. Is it possible that the integrity of cardiocyte microtubule transport may influence the extent to which the cardiac hypertrophic response to load is compensatory? I do not know, but our early data (24) suggest that this may well prove to be the case.
